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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve charge/discharge cycle characteristics and suppress lowering of 
battery capacity, by using, as a positive-electrode active material, a LiMn204 spinel with Mn partly substituted 
with two elements, Li and Cr, simultaneously, thereby improving elution of Mn into a nonaqueous electrolyte and 
reversibility following charge/discharge, of crystal structure of the positive- electrode active material. 
SOLUTION: A compound for a positive-electrode active material is expressed by an expression, Li (LiaCrb) 
Mn2-(a+b)04. (In the expression, a: the amount of Li substituted, b: the amount of Cr substituted.) It is 
preferable to cause the a and b to satisfy, 0.01<a+b<0.5, and especially, 0.1 5<a+b<0.3, and a^0, b^0, whereby 
an Mn elution suppressing effect is maximized and no different phases are generated making no contribution to 
battery reaction. The crystal structure of this compound has flexibility with respect to insertion/desorption of Li 
ions. This compound is suitably obtained as a single phase, by firing a mixture made by mixing, at a fixed ratio, 
salts, such as carbonates and acetates, of respective elements, not generating harmful decomposition gases, 
with an oxide, in an oxidizing atmosphere at 700 to 900° C for 5 to 50 hours. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The lithium secondary battery characterized by using Li(LiaCrb) Mn2-(a+b) 04 (however, a expressing 

the amount of Li substitution and b expressing the amount of Cr substitution.) which carried out simultaneous 

substitution of a part of Mn of 20LiMn4 spinel by two elements of Li and Cr as a positive active material. 

[Claim 2] The lithium secondary battery according to claim 1 with which the amounts a and b of substitution 

concerned are characterized by satisfying the relation of 0.01 <=a+b<=0.5, a!=0, and b!=0**. 

[Claim 3] The lithium secondary battery according to claim 2 with which the amounts a and b of substitution 

concerned are characterized by satisfying the relation of 0.15 <=a+b<=0.3, a!=0, and b!=0**. 

[Claim 4] A lithium secondary battery given in any 1 term of the claims 1-3 which the Li(LiaCrb) Mn2-(a+b) 04 

concerned calcinate the salt of each element adjusted to the predetermined ratio, and/or the mixture of an oxide over 

5 hours - 50 hours an oxidizing atmosphere and in 700 degrees C - 900 degrees C, and are characterized by being 

obtained. 



[Translation done.] 



http://wvw4.ipdl.jpo.go.jp/^ 6/23/2003 



[Translation done.] 



Page 1 of 1 



http://wvw4ipdljpo.gojp/cgi-bii^ 6/23/2003 



Page 1 of 4 



♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the lithium secondary battery with a good 
charge-and-discharge cycle property using the lithium transition-metals multiple oxide as a positive active material 
in the rechargeable battery used as motorised power supplies, such as an operation power supply of carried type 
electronic equipment, an electric vehicle, or a hybrid electric vehicle. 
[0002] 

[Description of the Prior Art] Small lightweight-ization of carried type electronic equipment, such as a cellular 
phone, VTR, and a note type computer, is advancing at an increasing tempo in recent years, and the rechargeable 
battery which used for the negative-electrode active material the organic electrolytic solution which dissolved 
carbonaceous material in the electrolytic solution and dissolved Li ion electrolyte for the lithium multiple oxide in 
the organic solvent at the positive active material is increasingly used as the cell for power supplies. 
[0003] Generally such a cell is called the lithium secondary battery or the lithium ion battery, and attention is 
attracted also as a motorised power supply of an achieving [ spread general / as an eco-friendly car / positive ]-not 
only against the background of aforementioned carrying type electronic equipment with large and energy density 
since cell voltage also has high feature with about about 4v but against the background of latest environmental 
problem electric vehicle, or a hybrid electric vehicle. 

[0004] In such a lithium secondary battery, the cell capacity and a charge-and-discharge cycle property (henceforth 
a "cycle property") have a large place depending on the material property of the positive active material to be used. 
As a lithium transition-metals multiple oxide as a positive active material, concretely, although LiCo02 and the 
LiMn204 grade are used, the production ground of Co is restricted about LiCo02, and there is a problem in 
quantity of output never being able to say many, but using for a general-purpose lithium secondary battery, since it 
is expensive. Moreover, there is also a problem that power density is small, as compared with LiMn 204. 
[0005] On the other hand, LiMn 204 has a cheap raw material, and its power density is large, and it has the feature 
that potential is high. However, when LiMn 204 is used as a positive active material, in connection with the repeat 
of a charge-and-discharge cycle, service capacity falls gradually, and there is a problem that a good cycle property 
is not acquired. This is considered to be because it to change in [ the crystal structure ] irreversible by insertion and 
desorption of Li+. 

[0006] Then, in order to improve the reversibility of this crystal structure, it is got blocked, the report that the thing 
which is made for other elements to dissolve and which replace a part of Mn by other one elements is effective is 
carried out to the skeleton of LiMn 204, and the element substitution by the same + trivalent ion as Mn3+, for 
example, Co, Fe, Cr, etc., is considered. 
[0007] 

[Problem(s) to be Solved by the Invention] By performing element substitution by such + trivalent ion, it is a fact 
that a cycle property improves rather than element substitution before, therefore it is thought that the reversible 
improvement of the crystal structure accompanying insertion and desorption of Li+ is achieved. However, even if 
artificers were the cases where such a spinel that carried out element substitution was used as a positive-electrode 
material, when cycle operation was performed, elution of Mn to the inside of the nonaqueous electrolyte used as the 
electrolytic solution took place with time, and they thought that elution of this Mn also caused [ of positive- 
electrode capacity (cell capacity) ] a fall, and a cycle property fell [ elution ]. 

[0008] Therefore, in order to raise the cycle property of a cell, it is desirable it not only to have the crystal structure 
which has the flexibility to insertion and desorption of Li+, but to use the spinel by which chemical reactivity with 
nonaqueous electrolyte was suppressed simultaneously, and the spinel to which elution of Mn does not take place at 
all preferably as a positive active material. 
[0009] 

[Means for Solving the Problem] this invention is made in view of the trouble of the conventional technology 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/23/2003 
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mentioned above. That is, lithium secondary battery ** characterized by using Li(LiaCrb) Mn2-(a+b) 04 (however, 
a expressing the amount of Li substitution and b expressing the amount of Cr substitution.) which carried out 
simultaneous substitution of a part of Mn of 20LiMn4 spinel by two elements of Li and Cr according to this 
invention as a positive active material* is offered. 

[0010] Here, as for the amount a of Li substitution, and the amount b of Cr substitution, it is desirable to have 
satisfied simultaneously the relation of 0.01 <=a+b<=0.5, a!=0, and b!=0**. Moreover, it is still more desirable that 
the amounts a and b of substitution are in the range of 0.15 <=a+b<=0.3, a!=0, and b!=0**. In addition, this 
composition of Li(LiaCrb) Mn2-(a+b) 04 is suitably performed by being an oxidizing atmosphere and the range of 
700 degrees C - 900 degrees C, and calcinating the salt of each element adjusted to the predetermined ratio, and/or 
the mixture of an oxide over 5 hours - 50 hours. 
[0011] 

[Embodiments of the Invention] Also by suppressing the elution to the nonaqueous electrolyte of Mn at the same 
time it improves the reversibility of the crystal structure over insertion and desorption of Li+ and raises a cycle 
property in the lithium secondary battery of this invention Li(LiaCrb) Mn2-(a+b) 04 which carried out 
simultaneous substitution of a part of Mn of 20LiMn4 spinel by two elements of Li and Cr in order to suppress the 
fall of positive-electrode capacity and to raise a cycle property (however, a expresses the amount of Li substitution 
and b expresses the amount of Cr substitution.) It uses as a positive active material. 

[0012] The whole amount (henceforth "total amount of substitution") a+b of substitution is made into the range of 
0.01 <=a+b<=0.5, and each amounts a and b of substitution of Li and Cr need to fulfill simultaneously the 
conditions of a!=0 and b!=0 here. That is, in order to suppress the elution to the nonaqueous electrolyte of Mn, even 
if the simultaneous substitution which made two elements of Li and Cr the couple is required and one of elements is 
missing, the effect of suppressing Mn elution cannot be demonstrated. And when all amount a+b of substitution is 
in the range of 0.15 <=a+b<=0.3, as shown in the example mentioned later, the elution depressor effect of Mn is 
demonstrated most and a good cycle property is acquired. 

[0013] In addition, improvement in a cycle property does not appear [ all amount a+b of substitution ] or less in 
0.01, and the effect of simultaneous substitution is not accepted. On the other hand, by 0.5 **, generation of an 
unusual appearance is accepted for all amount a+b of substitution by powder X-ray diffractometry (XRD) in 
material composition, namely, the single phase matter is not obtained. Since such an unusual appearance does not 
contribute to a cell reaction only by increasing the weight of a positive active material, it cannot be overemphasized 
by that the generation must be avoided. 

[0014] By using Li(LiaCrb) Mn2-(a+b) 04 mentioned above as a positive active material, the reversible 
improvement of the crystal structure to insertion and desorption of Li+ and suppression of the elution to the 
nonaqueous electrolyte of Mn are achieved simultaneously, and fast improvement in a cycle property is achieved. 
When it uses as a power supply for motorised of an electric vehicle or a hybrid electric vehicle, especially the 
improvement in such a cycle property is very important, in order to maintain performance-traverse ability, such as a 
predetermined acceleration performance and a climb performance, and to maintain the continuation mileage per 1 
charge. 

[0015] Production of Li(LiaCrb) Mn2-(a+b) 04 is performed by being an oxidizing atmosphere and the range of 
700 degrees C - 900 degrees C, and calcinating the salt of each element adjusted to the predetermined ratio as a raw 
material, and/or the mixture of an oxide over 5 hours - 50 hours, and a single-phase product can be obtained in this 
way. 

[0016] Here, although it is desirable that especially the salt of each element uses a temperature up, the carbonate 
which cracked gas detrimental at the time of baking does not generate, and acetate to say nothing of it being 
desirable that what has it can be used although not limited, a nitrate, a hydrochloride, a sulfate, etc. can also be 
used. [ high purity and cheap as a raw material, ] 

[0017] Now, especially the other materials used in production of a cell are not limited, and well-known various 
material can be conventionally used for them. For example, as a negative-electrode active material, carbonaceous 
material, such as artificial graphites, such as amorphous system carbonaceous material, such as soft carbon and a 
hard carbon, and high graphitized-carbon material, or a natural graphite, can be used. 

[0018] Moreover, as the organic electrolytic solution, what dissolved one kind or two kinds or more is suitably used 
for the independent solvent or mixed solvents of an organic solvent, such as a thing of carbonate systems, such as 
ethylene carbonate (EC), diethyl carbonate (DEC), and dimethyl carbonate (DMC), propylene carbonate (PC) and 
gamma-butyrolactone, a tetrahydrofuran, and an acetonitrile, in the lithium complex fluorine compound of LiPF6 as 
an electrolyte, or LLBF4 grade, or a lithium halogenide called LiC104. 
[0019] 

[Example] Hereafter, this invention is explained to an example still in detail based on an experimental result. 
[0020] (Manufacture of positive-active-material Li(LiaCrb) Mn2-(a+b) 04) it becomes various kinds of 
composition shown in the left column of Table 1, using each powder of commercial Li2C03, and Mn02 and Cr 
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203 as a start raw material — as - weighing capacity — it mixed, and calcinated at an oxidizing atmosphere and 800 
degrees C for 24 hours, and the positive active material was compounded Here, the material which replaced a part 
of Mn only by Li or Cr for comparison, and LiMn 204 which does not perform substitution were also compounded. 
In addition, except for LiMn 204 which does not perform element substitution, all amount a+b of substitution of all 
was set to 0.15. 
[0021] 



[Table 11 






Mna<10^mol/L) 




U(LiCr)o.i5Mn 1.8504 


<0.1 




UUo.l5Mni.a504 


4 




LiCro.15Mn1.85O4 


3 




UM112O4 


12 



[0022] (Manufacture of a cell) First, about each of the various positive active materials which carried out as above- 
mentioned and were produced, the binding material slack polyvinylidene fluoride was mixed with a positive active 
material and electric conduction material slack acetylene black powder by the ratio of 50:2:3 by the weight ratio, 
and positive-electrode material was produced. Press forming of the 0.02g of the positive-electrode material was 
carried out to disc-like [ with a diameter / phi / of 20mm ] by the pressure of 300 kg/cm2, and it considered as the 
positive electrode. In this way, the coin cell was produced using the electrolytic solution which dissolved LiPF6 as 
an electrolyte in the produced positive electrode and the organic solvent mixed by volume ratios [ diethyl 
carbonate / ethylene carbonate, ] at a rate which becomes 1 mol/L, and the separator which separates the negative 
electrode which consists of carbon, and a positive electrode and a negative electrode. 

[0023] (Measurement of the elution volume to the inside of the nonaqueous electrolyte of a positive active material) 
According to the capacity of a positive active material, it is the constant-current-constant voltage of 1C rate about 
the produced coin cell, and is 4.1V. It charged, and after extracting nonaqueous electrolyte from the coin cell after 
100 cycle ****** and diluting with distilled water the charge and discharge test made to discharge to 2.5V by the 
constant current of 1C rate similarly 100 times, the amount of Mn contained in nonaqueous electrolyte was 
analyzed using inductive-coupling RF plasma luminescence equipment (ICP). Since Mn is not contained in the 
nonaqueous electrolyte at the time of cell manufacture, the degree of elution of Mn from a positive active material 
can be known by this analysis. 

[0024] The measurement result of ICP is described in the right column of Table 1. as compared with LiMn 204 
which does not perform element substitution, the elution volume of Mn is stopped by about 1 / three to 1/4 by what 
performed substitution by either Li or Cr — **** — although it has stopped, from Li(LiCr)0.15Mn 1.8504 of this 
invention which performed simultaneous substitution by two elements of Li and Cr, it turns out that elution of Mn is 
suppressed almost completely That is, in order to suppress elution of Mn, the substitution by either [ of Mn ] Li or 
Cr is inadequate, and the simultaneous substitution by two elements of Li and Cr enabled it to suppress elution of 
Mn for the first time nearly completely. 

[0025] Next, in the simultaneous substitution by two elements of Li and Cr, the range of all amount a+b of 
substitution from which Mn elution depressor effect is obtained was investigated. Composition of the compound 
positive active material and the measurement result of Mn elution volume by the analysis using ICP mentioned 
above are shown in Table 2. 
[0026] 



fTable 21 






MnSdO^mol/L) 




U(UCr)o.oo8Mni.99204 


3 


mmm2 


Li(UCr)0.0iMni.99O4 


<ai 


m&m 


Li(UCr)o.ioMni.8004 


<0.1 


mmm* 


LiQJCr>0.30Mnl.70O4 


<0.1 




Li(UCr)a.50Mni.50O4 


<0.1 


ttmt5 


Li(U Cr)o.«>Mnl .4004 


5 



[0027] Only Mn elution depressor effect about a positive active material to which all amount a+b of substitution 
performed substitution by either Li or Cr or less by 0.01 was obtained. Moreover, when there was more all amount 
a+b of substitution than 0.5, sufficient Mn elution depressor effect was not obtained. For example, when all amount 
a+b of substitution is 0.6, it is checked from XRD that a crystal phase (unusual appearance) which is different in Li 
(LiaCrb) Mn2-(a+b) 04 in the compound positive active material is generating. That is, target Li(LiCr)0.6Mn 
1 .404 may not be generating. Therefore, although elution of Mn is considered to be also a thing from an unusual 
appearance instead of the thing from a positive active material, since it becomes the cause of reducing the energy 
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density in a cell, it cannot be overemphasized by that it is desirable that it is the single phase material in which a 
positive active material does not contain an unusual appearance that an unusual appearance is included. 
[0028] (Cycle examination of a cell) The result of the charge-and-discharge cycle examination in the cell using 
LiLiO.lSMn 1.8504 which all amount a+b of substitution in which the elution depressor effect of Mn was accepted 
produced for Li(LiCr) a+bMn2-(a+b) 04 of the range of 0.01-0.5 and comparison, LiCr0.15Mn 1.8504, and LiMn 
204 is shown in Table 3 among the positive active material described in Table 1 and 2 mentioned above. Here, the 
rate (capacity change rate) which performed the cycle examination on the same conditions as the charge and 
discharge test mentioned above for investigating Mn elution volume, and **(ed) 100th service capacity by first-time 
service capacity shows. Therefore, a cycle property will be so good that this value is large, and degradation will be 
small. 
[0029] 











Li(LiCr)o^i Mm.9904 


0.73 




Li(LiCr)o.ioMm.8o04 


0.78 




Li (LJCr)o.l 5 Mn 1 . as 04 


0.86 




Li(LiCr)o.3oMni.7o04 


0.87 


5?S6«5 


Li(UCr)o^oMni.6o04 


0.75 




LiLic.15Mn1.a5O4 


0 69 


tttt«2 


LiCro.isMn 1.85O4 


0.68 


ittt«3 


LiMnaO* 


0.60 



[0030] Although improvement in a cycle property is found rather than LiMn 204 from LiLi0.15Mn 1.8504 and 
LiCr0.15Mn 1.8504 which carried out element substitution by either Li or Cr as shown in Table 3 When 
simultaneous substitution is further carried out with two elements of Li and Cr to these, the good cycle property 
with few capacity falls is acquired, and it turns out especially that all amount a+b of substitution of the depressor 
effect of degradation is large in the range of 0.15 <=a+b<=0.3. 
[0031] 

[Effect of the Invention] Since the positive active material by two elements of Li and Cr which carried out 
simultaneous substitution is used in a part of Mn of LiMn 204 according to the lithium secondary battery of this 
invention an above-mentioned passage, The reversibility of the crystal structure of the positive active material 
accompanying charge and discharge is improved, consequently a charge-and-discharge cycle property is improved, 
and the outstanding effect that the fall of cell capacity is moreover suppressed is acquired at the same time the 
elution to the nonaqueous electrolyte of Mn in a positive active material is suppressed. 

[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/23/2003 



* NOTICES * 



Page 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to the lithium secondary battery with a good 
charge-and-discharge cycle property using the lithium transition-metals multiple oxide as a positive active material 
in the rechargeable battery used as motorised power supplies, such as an operation power supply of carried type 
electronic equipment, an electric vehicle, or a hybrid electric vehicle. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 

3 .In the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Small lightweight-ization of carried type electronic equipment, such as a cellular 
phone, VTR, and a note type computer, is advancing at an increasing tempo in recent years, and the rechargeable 
battery which used for the negative-electrode active material the organic electrolytic solution which dissolved 
carbonaceous material in the electrolytic solution and dissolved Li ion electrolyte for the lithium multiple oxide in 
the organic solvent at the positive active material is increasingly used as the cell for power supplies. 
[0003] Generally such a cell is called the lithium secondary battery or the lithium ion battery, and attention is 
attracted also as a motorised power supply of an achieving [ spread general / as an eco-friendly car / positive ]-not 
only against the background of aforementioned carrying type electronic equipment with large and energy density 
since cell voltage also has high feature with about about 4v but against the background of latest environmental 
problem electric vehicle, or a hybrid electric vehicle. 

[0004] In such a lithium secondary battery, the cell capacity and a charge-and-discharge cycle property (henceforth 
a "cycle property") have a large place depending on the material property of the positive active material to be used. 
As a lithium transition-metals multiple oxide as a positive active material, concretely, although LiCo02 and the 
LiMn204 grade are used, the production ground of Co is restricted about LiCo02, and there is a problem in 
quantity of output never being able to say many, but using for a general-purpose lithium secondary battery, since it 
is expensive. Moreover, there is also a problem that power density is small, as compared with LiMn 204. 
[0005] On the other hand, LiMn 204 has a cheap raw material, and its power density is large, and it has the feature 
that potential is high. However, when LiMn 204 is used as a positive active material, in connection with the repeat 
of a charge-and-discharge cycle, service capacity falls gradually, and there is a problem that a good cycle property 
is not acquired. This is considered to be because it to change in [ the crystal structure ] irreversible by insertion and 
desorption of Li+. 

[0006] Then, in order to improve the reversibility of this crystal structure, it is got blocked, the report that the thing 
which is made for other elements to dissolve and which replace a part of Mn by other one elements is effective is 
carried out to the frame of LiMn 204, and the element substitution by the same + trivalent ion as Mn3+, for 
example, Co, Fe, Cr, etc., is considered. 

[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since the positive active material by two elements of Li and Cr which carried out 
simultaneous substitution is used in a part of Mn of LiMn 204 according to the lithium secondary battery of this 
invention an above-mentioned passage, The reversibility of the crystal structure of the positive active material 
accompanying charge and discharge is improved, consequently a charge-and-discharge cycle property is improved, 
and the outstanding effect that the fall of cell capacity is moreover suppressed is acquired at the same time the 
elution to the nonaqueous electrolyte of Mn in a positive active material is suppressed. 

[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] By performing element substitution by such + trivalent ion, it is a fact 
that a cycle property improves rather than element substitution before, therefore it is thought that the reversible 
improvement of the crystal structure accompanying insertion and desorption of Li+ is achieved. However, even if 
artificers were the cases where such a spinel that carried out element substitution was used as a positive-electrode 
material, when cycle operation was performed, elution of Mn to the inside of the nonaqueous electrolyte used as the 
electrolytic solution took place with time, and they thought that elution of this Mn also caused [ of positive- 
electrode capacity (cell capacity) ] a fall, and a cycle property fell [ elution ]. 

[0008] Therefore, in order to raise the cycle property of a cell, it is desirable it not only to have the crystal structure 
which has the flexibility to insertion and desorption of Li+, but to use the spinel by which chemical reactivity with 
nonaqueous electrolyte was suppressed simultaneously, and the spinel to which elution of Mn does not take place at 
all preferably as a positive active material. 

[Translation done.] 
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MEANS 



[Means for Solving the Problem] this invention is made in view of the trouble of the conventional technology 
mentioned above. That is, lithium secondary battery ** characterized by using Li(LiaCrb) Mn2-(a+b) 04 (however, 
a expressing the amount of Li substitution and b expressing the amount of Cr substitution.) which carried out 
simultaneous substitution of a part of Mn of 20LiMn4 spinel by two elements of Li and Cr according to this 
invention as a positive active material is offered. 

[0010] Here, as for the amount a of Li substitution, and the amount b of Cr substitution, it is desirable to have 
satisfied simultaneously the relation of 0.01 <=a+b<=0.5, a!=0, and b!=0**. Moreover, it is still more desirable that 
the amounts a and b of substitution are in the range of 0.15 <=a+b<=0.3, a!=0, and b!=0**. In addition, this 
composition of Li(LiaCrb) Mn2-(a+b) 04 is suitably performed by being an oxidizing atmosphere and the range of 
700 degrees C - 900 degrees C, and calcinating the salt of each element adjusted to the predetermined ratio, and/or 
the mixture of an oxide over 5 hours - 50 hours. 
[0011] 

[Embodiments of the Invention] Also by suppressing the elution to the nonaqueous electrolyte of Mn at the same 
time it improves the reversibility of the crystal structure over insertion and desorption of Li+ and raises a cycle 
property in the lithium secondary battery of this invention Li(LiaCrb) Mn2-(a+b) 04 which carried out 
simultaneous substitution of a part of Mn of 20LiMn4 spinel by two elements of Li and Cr in order to suppress the 
fall of positive-electrode capacity and to raise a cycle property (however, a expresses the amount of Li substitution 
and b expresses the amount of Cr substitution.) It uses as a positive active material. 

[0012] The whole amount (henceforth "total amount of substitution") a+b of substitution is made into the range of 
0.01 <=a+b<=0.5, and each amounts a and b of substitution of Li and Cr need to fulfill simultaneously the 
conditions of a!=0 and b!=0 here. That is, in order to suppress the elution to the nonaqueous electrolyte of Mn, even 
if the simultaneous substitution which made two elements of Li and Cr the couple is required and one of elements is 
missing, the effect of suppressing Mn elution cannot be demonstrated. And when all amount a+b of substitution is 
in the range of 0.15 <=a+b<=0.3, as shown in the example mentioned later, the elution depressor effect of Mn is 
demonstrated most and a good cycle property is acquired. 

[0013] In addition, improvement in a cycle property does not appear [ all amount a+b of substitution ] or less in 
0.01, and the effect of simultaneous substitution is not accepted. On the other hand, by 0.5 **, generation of an 
unusual appearance is accepted for all amount a+b of substitution by powder X-ray diffractometry (XRD) in 
material composition, namely, the single phase matter is not obtained. Since such an unusual appearance does not 
contribute to a cell reaction only by increasing the weight of a positive active material, it cannot be overemphasized 
by that the generation must be avoided. 

[0014] By using Li(LiaCrb) Mn2-(a+b) 04 mentioned above as a positive active material, the reversible 
improvement of the crystal structure to insertion and desorption of Li+ and suppression of the elution to the 
nonaqueous electrolyte of Mn are achieved simultaneously, and fast improvement in a cycle property is achieved. 
When it uses as a power supply for motorised of an electric vehicle or a hybrid electric vehicle, especially the 
improvement in such a cycle property is very important, in order to maintain performance-traverse ability, such as a 
predetermined acceleration performance and a climb performance, and to maintain the continuation mileage per 1 
charge. 

[0015] Production of Li(LiaCrb) Mn2-(a+b) 04 is performed by being an oxidizing atmosphere and the range of 
700 degrees C - 900 degrees C, and calcinating the salt of each element adjusted to the predetermined ratio as a raw 
material, and/or the mixture of an oxide over 5 hours - 50 hours, and a single-phase product can be obtained in this 
way. 

[0016] Here, although it is desirable that especially the salt of each element uses a temperature up, the carbonate 
which cracked gas detrimental at the time of baking does not generate, and acetate to say nothing of it being 
desirable that what has it can be used although not limited, a nitrate, a hydrochloride, a sulfate, etc. can also be 
used. [ high purity and cheap as a raw material, ] 
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[0017] Now, especially the other materials used in production of a cell are not limited, and well-known various 
material can be conventionally used for them. For example, as a negative-electrode active material, carbonaceous 
material, such as artificial graphites, such as amorphous system carbonaceous material, such as soft carbon and a 
hard carbon, and high graphitized-carbon material, or a natural graphite, can be used. 

[0018] Moreover, as the organic electrolytic solution, what dissolved one kind or two kinds or more is suitably used 
for the independent solvent or mixed solvents of an organic solvent, such as a thing of carbonate systems, such as 
ethylene carbonate (EC), diethyl carbonate (DEC), and dimethyl carbonate (DMC), propylene carbonate (PC) and 
gamma-butyrolactone, a tetrahydrofuran, and an acetonitrile, in the lithium complex fluorine compound of LiPF6 as 
an electrolyte, or LiBF4 grade, or a lithium halogenide called LiC104. 

[Translation done.] 
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EXAMPLE 



[Example] Hereafter, this invention is explained to an example still in detail based on an experimental result. 
[0020] (Manufacture of positive-active-material Li(LiaCrb) Mn2-(a+b) 04) it becomes various kinds of 
composition shown in the left column of Table 1, using each powder of commercial Li2C03, and Mn02 and Cr 
203 as a start raw material — as — weighing capacity — it mixed, and calcinated at an oxidizing atmosphere and 800 
degrees C for 24 hours, and the positive active material was compounded Here, the material which replaced a part 
of Mn only by Li or Cr for comparison, and LiMn 204 which does not perform substitution were also compounded. 
In addition, except for LiMn 204 which does not perform element substitution, all amount a+b of substitution of all 
was set to 0.15. 
[0021] 



[Table n 






Mrcft(10" 3 mol/L) 




Li (LiCr)(M sMm .8504 


<0.1 




ULio.i5Mn1.a5O4 


4 




LiCro.t5Mm.85O4 


3 




UMn204 


12 



[0022] (Manufacture of a cell) First, about each of the various positive active materials which carried out as above- 
mentioned and were produced, the binding material slack polyvinylidene fluoride was mixed with a positive active 
material and electric conduction material slack acetylene black powder by the ratio of 50:2:3 by the weight ratio, 
and positive-electrode material was produced. Press forming of the 0.02g of the positive-electrode material was 
carried out to disc-like [ with a diameter / phi / of 20mm ] by the pressure of 300 kg/cm2, and it considered as the 
positive electrode. In this way, the coin cell was produced using the electrolytic solution which dissolved LiPF6 as 
an electrolyte in the produced positive electrode and the organic solvent mixed by volume ratios [ diethyl 
carbonate / ethylene carbonate, ] at a rate which becomes 1 mol/L, and the separator which separates the negative 
electrode which consists of carbon, and a positive electrode and a negative electrode. 

[0023] (Measurement of the elution volume to the inside of the nonaqueous electrolyte of a positive active material) 
According to the capacity of a positive active material, it is the constant-current-constant voltage of 1C rate about 
the produced coin cell, and is 4.1V. It charged, and after extracting nonaqueous electrolyte from the coin cell after 
100 cycle ****** and diluting with distilled water the charge and discharge test made to discharge to 2.5V by the 
constant current of 1C rate similarly 100 times, the amount of Mn contained in nonaqueous electrolyte was 
analyzed using inductive-coupling RF plasma luminescence equipment (ICP). Since Mn is not contained in the 
nonaqueous electrolyte at the time of cell manufacture, the degree of elution of Mn from a positive active material 
can be known by this analysis. 

[0024] The measurement result of ICP is described in the right column of Table 1. as compared with LiMn 204 
which does not perform element substitution, the elution volume of Mn is stopped by about 1 / three to 1/4 by what 
performed substitution by either Li or Cr - **** — although it has stopped, from Li(LiCr)0.15Mn 1.8504 of this 
invention which performed simultaneous substitution by two elements of Li and Cr, it turns out that elution of Mn is 
suppressed almost completely That is, in order to suppress elution of Mn, the substitution by either [ of Mn ] Li or 
Cr is inadequate, and the simultaneous substitution by two elements of Li and Cr enabled it to suppress elution of 
Mn for the first time nearly completely. 

[0025] Next, in the simultaneous substitution by two elements of Li and Cr, the range of all amount a+b of 
substitution from which Mn elution depressor effect is obtained was investigated. Composition of the compound 
positive active material and the measurement result of Mn elution volume by the analysis using ICP mentioned 
above are shown in Table 2. 
[0026] 
[Table 2] 
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Mnfi(10" 3 mol/L) 




U(Li Cr)o.oo8 Mni .992O4 


3 




Li(LiCr)o.oiMni.5904 


<0.1 




Li(LiCr)0.1 oMn l .9004 


<0.1 




Li(LiCr>0.30Mni.70O4 


<0.1 




Li(UCr)o.5oMnl.5004 


<0.1 




Li(LiCr>0.eoMnl.4o04 


5 



[0027] Only Mn elution depressor effect about a positive active material to which all amount a+b of substitution 
performed substitution by either Li or Cr or less by 0.01 was obtained. Moreover, when there was more all amount 
a+b of substitution than 0.5, sufficient Mn elution depressor effect was not obtained. For example, when all amount 
a+b of substitution is 0.6, it is checked from XRD that a crystal phase (unusual appearance) which is different in Li 
(LiaCrb) Mn2-(a+b) 04 in the compound positive active material is generating. That is, target Li(LiCr)0.6Mn 
1.404 may not be generating. Therefore, although elution of Mn is considered to be also a thing from an unusual 
appearance instead of the thing from a positive active material, since it becomes the cause of reducing the energy 
density in a cell, it cannot be overemphasized by that it is desirable that it is the single phase material in which a 
positive active material does not contain an unusual appearance that an unusual appearance is included. 
[0028] (Cycle examination of a cell) The result of the charge-and-discharge cycle examination in the cell using 
LiLiO.lSMn 1.8504 which all amount a+b of substitution in which the elution depressor effect of Mn was accepted 
produced for Li(LiCr) a+bMn2-(a+b) 04 of the range of 0.01-0.5 and comparison, LiCr0.15Mn 1.8504, and LiMn 
204 is shown in Table 3 among the positive active material described in Table 1 and 2 mentioned above. Here, the 
rate (capacity change rate) which performed the cycle examination on the same conditions as the charge and 
discharge test mentioned above for investigating Mn elution volume, and **(ed) 100th service capacity by first-time 
service capacity shows. Therefore, a cycle property will be so good that this value is large, and degradation will be 
small. 
[0029] 







iooiM*;u&a)§*£fbtJ£ 




Li(LiCr)oDi Mm .8904 


0.73 




Li(LiCr)o.ioMni.S004 


0.78 




Li(UCr)o.i5Mni.a504 


0.86 


nmm* 


Li (LiCr)oj30Mn 1 .70O4 


0.87 




Li(LiCr)o5oMni eo04 


0.75 




LilJ0.15Mnt.85O4 


0.69 




LiCro.isMn 1.85O4 


0.68 




UMn204 


0.60 



[0030] Although improvement in a cycle property is found rather than LiMn 204 from LiLi0.15Mn 1.8504 and 
LiCr0.15Mn 1.8504 which carried out element substitution by either Li or Cr as shown in Table 3 When 
simultaneous substitution is further carried out with two elements of Li and Cr to these, the good cycle property 
with few capacity falls is acquired, and it turns out especially that all amount a+b of substitution of the depressor 
effect of degradation is large in the range of 0. 15 <=a+b<=0.3. 



[Translation done.] 
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